This study aimed to mix and test mortar incorporating activated Hwangtoh to improve the Hwangtoh brick bond strength of brick structures. To do this, the bond strength correlation of mortar was analyzed by means of materials and experiment factors and levels, and the optimum conditions were suggested after analyzing the physical properties of brick and the mix ratio of mortar and additive. Furthermore, the compressive strength and bond strength were found to be in inverse proportion, and in terms of the materials and mixing level, W/C ratio, substitution ratio of activated Hwangtoh, and fine aggregate grading were shown to have a considerable influence on the strength. In conclusion, the optimum mixing conditions to improve the bond strength are found to set W/C ratio at 65% and replacmenet ratio of activated Hwangtoh at 10%.
1. Introduction
Research background and objective
To address issues such as the natural resources crisis, the destruction of the natural environment and the ecosystem, the depletion of natural resources, and the emission of pollutants from construction materials, environmental preservation and green building construction have been given much attention recently [1, 2] . In addition, the sustainable construction movement has been accelerated, with environment-related government agencies and organizations, construction-related associations, construction companies and construction material manufacturers working together in advanced countries and making efforts to limit the use of 
Bond strength of mortar
The general properties of mortar may vary depending on mix proportion, initial flow and use of admixture. The masonry unit is a large rectangular wall made through acombination of bricks and mortar. It has been found in many studies [7, 8] that the stronger the combination between bricks and mortar, the higher the strength of the brick wall.
Hence, it is noted that the bond strength of mortar in the masonry unit has a great impact on permeability and structural preservation. If the bond strength improves with the strength of masonry wall kept at a required level, it can contribute to the safety and durability ofthe concrete wall. For this reason, advanced countries have already established the criteria for bond strength test of mortar [9] , and many studies have been conducted in compliance with the criteria. Based on the W/C theory that it is best to mix mortar with the minimum amount of water that satisfies the workability requirements, mortar is made for masonry work. Considering the bond strength and compressive strength ofmortar, bond strength should be considered more than anything else in the properties of mortar used in masonry work. In terms of flow, compressive strength of mortar should first be secured, and then the compressive strength should be taken into account [10] . That is, the water in the mortar is absorbed by the upper and lower masonry bricks, and it is important to secure flowability of mortar for integrity of the masonry wall. Thisis why the bond strength is considered important in the masonry unit.
Test plan and method

Test materials and properties
The cement used in this test is ordinary Portland Hwangtoh used is natural Hwangtoh powder with an average particle size of 13㎛. Hwangtoh was activated after sintering it for 1 hour at 800℃, and then it was cooled rapidly. Fly ash (FA) and blast furnace slag (BFS) were used as admixture, and SBR latex and epoxy resin were used as polymer. The absorption rate of Hwangtoh bricks used in the test was 15% at room temperature. When dampened, the absorption rate of the bricks improved to be 18% at 15 minutes and 20% at 30 minutes. Table 2 . Chemical composition of Hwangtoh Table 7 . Table 7 . Experiment factors and level
The mix and test specimen are shown in Table 8 .
The specimen was manufactured at a different proportion of experiment factors by group. A total of 26 specimens were made in 9 groups. The mortar was mixed using a machine mixing method, using different proportions of experiment factors according to the experiment schedule. The flowability of the mortar was measured first, and then specimens were made for compressive strength and bond strength tests. The specimen for compressive strength test was molded in a cubic form of 5cm x 5cm x 5cm, and cured in a wet condition. The specimen for bond strength test of the masonry unit was manufactured, as shown in Figure 2 , by placing the upper and lower bricks crossed in the middle using a plate. More specifically, the lower bricks were placed first, and the plastic glue mold for bricks was separately manufactured to a size of 9cm×9cm×1cm, on which the upper bricks were crossed with the lower bricks.
The specimens were cured for 28 days at room temperature, and tested. The specimen were placed to be crossed in a test machine and tested by putting the load until the masonry unit fell to analyze the characteristics of bond strength of the mortar as calculated using Equation (1).
Bond strength = load/bonded area(MPa) --Equation ( 
Analysis of strength with W/C
When ordinary Hwangtoh was mixed, the overall strength was shown to be lower than that of Plain.
More specifically, the compressive strength was shown to be 85~93% that of Plain, while the bond strength was 75~80%. It was found in the ordinary Hwangtoh mortar with replacement ratio of 25% that as the W/C increased, the compressive strength decreased, from 20.68MPa to 16.85MPa, while bond strength increased from 0.40MPa to 0.52MPa. In addition, when activated Hwangtoh was mixed, the compressive strength was shown to rise by 27~40% while the bond strength was shown to be similarto ordinary Hwangtoh mortar, at 96~103% (Figures 3  and 4) . That is, when activated Hwangtoh was mixed, the bond strength was maintained at a similar level, while the compressive strength was greatly improved in comparison with ordinary Hwangtoh mortar. 
Analysis of strength with absorption rate
Through the analysis of bond strength of brickwith absorption rate of Hwangtoh brick, in the 30-minute dampening condition, the bond strength of the brick with absorption rate of 20% was measured at 0.77, while in the 15-minute dampening condition, the bond strength of the brick with absorption rate of 18% was measured at 0.51MPa, which means the bond strength was improved by about 50% at 20% absorption rate in the 30-minute dampening condition compared to in the 15-minute dampening condition at 18% absorption rate. In addition, when compared with the existing dry Hwangtoh mortar, the bond strength of the activated Hwangtoh mortar was improved by 10~20% (see Figure 9) . Therefore, to secure the integrity of the structure in brick masonry structural construction, it is believed to be advantageous to set the absorption rate as high considering the absorption rate of the brick itself. It was found that the activated Hwangtoh mortar for masonry had higher bond strength than the existing dry Hwangtoh mortar. bond strength, it is most appropriate to set the mix proportion of W/C at 65%, and replacement ratio of activated Hwangtoh at 10%. 5) There were no differences in compressive strength found when using between epoxy resin and SBR latex. When using SBR latex, the bond strength greatly decreased by 60% compared with when epoxy resin was used. To improve bond strength, it is more appropriate to use epoxy resin. As presented in these research findings, the bond strength was shown to be low. It should also be noted that the bond strength of a brick masonry unit is greatly affected by factors other than mortar properties, such as the characteristics of the brick and the workmanship of the worker, particularly for masonry work. These should also be studied in the future to improve bond strength based on a material property analysis taking the influencing factors into account.
